JP H06 096712 



PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 06-09671 2 

(43)Date of publication of application : 08.04.1994 



(51)Int.CI. 


H01J 37/28 




H01J 37/244 




H01J 37/30 




H01L 21/265 




H01L 21/302 




H01L 21/66 



(21) Application number : 04-244337 (71 Applicant : HITACHI LTD 

(22) Date of filing : 14.09.1992 (72)Inventor : ARAKAWA FUMIKO 

DOI HIROSHI 
MAMADA MICHIRO 



(54) FOCUSED ION BEAM DEVICE 



.22 



*W Pi", 



V 



i V. 



2pA 



(57)Abstract: 

PURPOSE: To detect two kinds or more of elements and to enhance 
the selectivity of elements and the accuracy of work by providing 
substantially two or more secondary particle detectors, and also 
providing means for deflecting the path for discharging secondary 
\j2 4 particles. 

CONSTITUTION: In a focused ion beam device (FIB), substantially 
two or more secondary particle detectors 20 are provided, thereby 
being able to detect of two kinds or more respectively different 
secondary particles 3A, 3B, for instance, electrons and ions can be 
separately detected. Further, the path for discharging a secondary 
particle 3 is deflected with a magnetic field 31, whereby a light 
particle 3A is deflected in a larger degree than a heavy particle 3B so 
as to be able to increase selectivity of elements, so that the 
accurate element analysis and also the structure analysis can be 
performed in the FIB. Also, the sputter etching can be performed by an ion beam 1 1 with the secondary 
electron image being observed, so that the accuracy of work can be increased. 




1 



JP H06-096712 



* * NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A means which carries out sputter etching of the specimen surface of a field where converged, 
deflected an ion beam, a specimen surface was irradiated, and this ion beam was irradiated. 
A means by which a secondary particle detector detects secondary particles emitted from this field by 
which sputter etching was carried out. 

It had a means to have been the focused ion beam device provided with the above, and to have provided two 
or more of said secondary particle detector substantially, and to deflect a releasing path of said secondary 
particle. 

[Claim 2]Said focused ion beam device according to claim 1 provided with a means to create a picture 
among secondary particles detected with said secondary particle detector based on information on a 
secondary electron. 

[Claim 3]Said focused ion beam device according to claim 2 adding a magnetic field in the direction which is 
in agreement with the direction of radiation of an ion beam from a rear face of a sample which counters a 
side with which said ion beam is irradiated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] About the device used for the failure analysis of a semiconductor integrated circuit 
device, especially, this invention is applied to a focused ion beam device, and relates to effective art. 
[0002] 

[Description of the Prior Art]A minimum working dimension is being set to 0.5 micrometer or less in 
connection with high integration of a semiconductor integrated circuit device, and minuteness making. For 
this reason, in order to conduct failure analysis of a semiconductor integrated circuit device, the focused 
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ion beam ( FIB:FocusedIonBeam ) device (henceforth FIB) is used. By using FIB, cross section processing of 
minute regions of 0.5 micrometer or less can be performed. About a FIB device, for example, (1) KNikawa et 
al.;New. applications of focused, ion beam technique to. failure analysis and. process monitoring of VLSI; 27 
th annual proceedings of International Reliability Physics Symposium, P43 (1989), (2) Anazawa Norimichi, 
Aihara Ryuzo: It is indicated, without applied physics 53(1984)193. 

[0003]In FIB, it converges, the ion beam discharged from ion guns (ion gun) is deflected, and a sample is 
irradiated as indicated in said literature. Gallium is used as an ion source. Sputter etching of the specimen 
surface is carried out by irradiating a sample with a gallium ion beam. The beam diameter of an ion beam is 
50 thru/or about 500 nm. Thus, secondary particles are emitted from a specimen surface by carrying out 
sputter etching of the specimen surface. The secondary particle detector which detects this emitted 
secondary particle is substantially built into said FIB one piece. Since either a secondary electron, negative 
secondary ion or positive secondary ion is detectable among the secondary particles emitted using this 
secondary particle detector, The terminal point judging at the time of processing can be performed by the 
sample in which element structure has the simple three-dimensional structure (for example, the aluminum 
which is uniform in an irradiation area and differs only in the direction of z, and silicon in a x direction and a 
y direction, laminated structure) by graphHzing a dose and intensity of secondary particles to expose a 
ground. 

[0004]This FIB is equipped with the scanning ion microscope (below SIMiScanninglonMicrosco pe: calls it 
SIM) function. A SIM image detects the secondary electron emitted by irradiating with the ion beam of said 
FIB with said detector, and creates the picture by this detected secondary electron. In said FIB, it is used in 
the time of FIB and SIM, switching each of said ion guns and a detector, and the SIM image by the intensity 
measurement of secondary ion and a secondary electron is created independently. 
[0005]The method of failure analysis of having used FIB for below is explained. 

[0006]First, with the SIM function built in FIB, a beam is extracted thinly and the shape of a specimen 
surface is observed. Then, the field ahead of that section is made to scan in the direction of X, and the 
direction of Y, and this field is removed so that the section which wishes the ion beam (a beam becomes 
thick) which increased current may be exposed. Under the present circumstances, the two-dimensional 
structure (a x direction, a y direction) of a sample is uniform, at the time of the simple structure from which 
only the depth differs by a three dimension, as mentioned above, by detecting secondary particles, a dose 
and intensity of secondary particles are graph-ized and the terminal point judging of etching is performed. 
Thus, with the intensity of secondary particles, when element structure is the easy three-dimensional 
structure, although the kind of element cannot be judged, it can detect that an element is different. 
[0007]When element structure is the complicated three-dimensional structure, a secondary ion mass 
analyzer (below SIMS:ScondaryIonMassSpect rometer: calls it SIMS) is used so that it may mention later. 
SIMS — P289-P318, and 1985 issue "microbeam analysis" (2) "electronic industry material" 1983 [ for 
example, the 141st committee of (1) microbeam analysis, and ] Separate volume It is indicated to P120. 
[0008]Next, again, an ion beam is extracted thinly and section observation of the sample (section 
observation sample) which exposed the desired section is carried out by a SIM image. At this time, the side 
of the hole which the sample table stage was made to incline and was processed is observed. Then, even if 
there are not shape of unevenness of a section and unevenness, distribution of depth directions, such as a 
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difference in an element, is observable from the difference of the yield of secondary particles. However, the 
resolution of a SIM image is 50 nm as mentioned above. 

[0009]When the fine structure of a section needs to be observed, section observation of the sample which 
was made to expose the section of said request described below, and was processed is carried out with a 
scanning electron microscope (below SEM:ScanningEelectronMi croscope: calls it SEM). Since the resolution 
of SEM is about 4 nm, a structure very more detailed than SIM is observable. Identification of an element 
cannot be performed even if it uses SIM and SEM. SIMS is used, when are contained mostly (1% or more) 
and EPMA ( ElectronProbeMassAn alysis: X-ray microanalysis) is little, in order to conduct ultimate analysis 
here. EPMA is indicated, for example, without the 141st committee of (1) microbeam analysis, 1985 year 
issue "microbeam analysis" P207-P235, and (2) S.M.SZE"VLSI Technology" P533. Failure analysis is 
conducted by these means of a series of. 

[0010]In order to create the sample for section observation using SEM, FIB is used, and also there are a 
mechanical-polishing method and the cracking method. However, since the sample is processed using an 
optical microscope in the case of a mechanical-polishing method, dimensional accuracy is about 0.5 
micrometer and there is a problem that 0.5-micrometer Suemitsu's infinitesimal area is unobservable. In the 
case of the cracking method, dimensional accuracy is 0.5 micrometers or more, and there is a problem that 
1 -micrometer Suemitsu's infinitesimal area is unobservable, like the case of a mechanical-polishing method. 
[0011] 

[Problem(s) to be Solved by the Invention]However, this invention person found out the following problems, 
as a result of examining said conventional technology. 

[0012]As mentioned above, the structure of an element is being complicated in three dimensions with high 
integration of a semiconductor integrated circuit device. For this reason, when a predetermined field is 
etched using said FIB, there are two or more kinds of elements in the secondary particles emitted. However, 
in said conventional FIB, since only one piece is provided substantially, the secondary particle detector can 
detect only the total amount of one kind of element, or secondary particles. Since only one kind of element 
is contained in secondary particles although ultimate analysis is impossible when element structure is a 
simple two-dimensional structure, structural analysis can be substantially conducted with one detector. 
However, when there are two or more kinds of elements in secondary particles, since ultimate analysis is 
impossible, there is a problem of it becoming impossible to conduct structural analysis. Since the boundary 
of intensity distribution stops clarifying, it becomes impossible in this case, to conduct structural analysis. 
As a result, since the terminal point judging of etching by FIB becomes difficult, process tolerance falls. 
[0013]At said FIB, the number of detectors is one substantially and they need to perform processing by 
etching, and structure observation by SIM at a separate process. Or after processing by FIB, SEM is used 
and section observation is performed. For this reason, there was a problem that the time which processing 
as the whole takes became long. 

[0014]Since it was necessary to conduct ultimate analysis by SIMS in order to conduct precise ultimate 
analysis, there was a problem that the time which failure analysis takes became long. 

[0015]With three-dimension-izing of element structure, wiring multilayer-structureHzes and the thickness 
of the interlayer insulation film between wiring layers is becoming thick.For this reason, the aspect ratio 
(aspect ratio) of the crevice which removes an interlayer insulation film and exposes the surface of wiring is 
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becoming large. In this case, since the secondary particles emitted from the deep field of a crevice collided 
with the side attachment wall of a crevice and stopped having come out out of the crevice, there was a 
problem that the secondary particles of the pars basilaris ossis occipitalis of a crevice were undetectable. 
[0016]The purpose of this invention is to provide the art which can conduct ultimate analysis and structural 
analysis in a focused ion beam device. 

[0017]Other purposes of this invention are to provide the art which can be improved in process tolerance in 
a focused ion beam device. 

[0018]Other purposes of this invention are to provide the art which can conduct the ultimate analysis and 
the structural analysis in the crevice where the aspect ratio of a specimen surface is large in a focused ion 
beam device. 

[001 9]The other purposes and the new feature will become clear with description and the accompanying 

drawing of this specification along [ said ] this invention. 

[0020] 

[Means for Solving the Problem]It will be as follows if an outline of a typical thing is briefly explained among 
inventions indicated in this application. 

[0021 ](1) A means which carries out sputter etching of the specimen surface of a field where converged, 
deflected an ion beam, a specimen surface was irradiated, and this ion beam was irradiated, In a focused ion 
beam device provided with a means by which a secondary particle detector detects secondary particles 
emitted from this field by which sputter etching was carried out, it has a means to provide two or more of 
said secondary particle detector substantially, and to deflect a releasing path of said secondary particle. 
[0022](2) It has a means to create a picture among secondary particles detected with said secondary 
particle detector based on information on a secondary electron. 

[0023](3) Add a magnetic field in the direction which is in agreement with the direction of radiation of an ion 

beam from a rear face of a sample which counters a side with which said ion beam is irradiated. 

[0024] 

[Function]According to the means (1) mentioned above, two or more kinds of secondary particles are 
separately detectable by having formed the secondary particle detector two or more pieces substantially. 
For example, an electron and ion are independently detectable. Thereby, ultimate analysis can be conducted. 
A releasing path is deflected more greatly than secondary particles with heavy weight by having had a 
means to deflect the releasing path of secondary particles by the secondary particles with light weight. 
Thereby, since the selectivity of an element can be improved, still more exact ultimate analysis can be 
conducted. By these, ultimate analysis can be conducted in a focused ion beam device. In a focused ion 
beam device, structural analysis can be conducted by conducting ultimate analysis. 

[0025]In FIB, since ultimate analysis can be conducted, the time which it becomes unnecessary to conduct 
ultimate analysis using SIMS, and failure analysis takes can be shortened. 

[0026]According to the means (2) mentioned above, when processing a specimen surface by an ion beam, 
since the secondary electron image of a processing area can be obtained to inside, it can be processed, 
checking a processing condition. Thereby, process tolerance can be improved in a focused ion beam device. 
Since SEM is used, for example and it becomes unnecessary to observe a processing condition after 
processing, the time which processing takes can be shortened. 
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[0027]According to the means (3) mentioned above, by adding a magnetic field from the rear face of a 
sample, Since secondary particles come out out of a crevice from the inside of the crevice of a specimen 
surface, especially the crevice where an aspect ratio (aspect ratio) is large, without colliding with the side 
attachment wall of a crevice, carrying out screw motion, even a secondary particle detector can make 
secondary particles reach. Thereby, in a focused ion beam device, since ultimate analysis of the pars 
basilaris ossis occipitalis of the crevice where an aspect ratio (aspect ratio) is large can be conducted, 
structural analysis can be conducted. 
[0028] 

[Example]Hereafter, the example of this invention is concretely described using a drawing. In the complete 
diagram for describing an example, what has the same function attaches identical codes, and explanation of 
the repetition is omitted. 

[0029][Example 1] The composition of the focused ion beam device (henceforth FIB) of Example 1 of this 
invention is explained using drawing 2 (block diagram). In the drawing 2 , only the composition in a column is 
shown and it omits about portions other than this. 

[0030] As shown in drawing 2 , in the column of FIB of this example 1, each of the ion source 10, the butler 
type lenses 12A and 12B, the aperture 13, and the deflection electric fields 14A and 14B is provided. 
[0031]From said ion source 10, the gallium ion beam (only henceforth an ion beam) 1 1 is discharged. In the 
drawing 1 , a broken chain line shows this ion beam 1 1. The accelerating energy of this ion beam 1 1 is about 
25 KeV, for example. This ion beam 1 1 converges by said two steps of butler type lenses 1 2A and 1 2B, and 
the five apertures 13. This ion beam 1 1 that converged is deflected by said deflection electric fields 14A and 
14B. This deflected ion beam 1 1 is irradiated on the sample 1, as shown in the drawing 1 . Thus, sputter 
etching of the surface of the sample 1 is carried out by irradiating the surface of the sample 1 with the ion 
beam 1 1 converged and deflected. This sample 1 is, for example, the semiconductor wafer or semiconductor 
substrate, i.e., the semiconductor device, which make single crystal silicon a subject. As shown in the 
drawing 2 , the crevice 2 (side and bottom) is formed in the surface of the sample 1 by this etching. Thus, 
when sputter etching of the surface of the sample 1 is carried out by the ion beam 1 1, the secondary 
particles begun to beat from the surface of the sample 1 are emitted. 

[0032]The secondary particle detector 20 is formed between said deflection electric field 14B and the 
sample 1. Between this secondary particle detector 20 and sample 1, the electric field by the voltage 
generator 27 is impressed. The detailed composition of this secondary particle detector 20 is later 
mentioned using drawing 1 (block diagram). 

[0033]The magnetic field 30 is added to the rear face of the sample 1 which counters the side with which 
said ion beam 1 1 is irradiated from the direction which is in agreement with the direction of radiation of said 
ion beam 1 1. The magnetic field 31 is added in the direction which intersects perpendicularly with said 
magnetic field 30. The intensity of this magnetic field 31 is weaker than said magnetic field 30. 
[0034]Next, the composition of said secondary particle detector 20 is explained using drawing 1 . As shown 
in drawing 1 , the secondary particle detector 20 is constituted by the subject in the detector 
( MicroChannelPlate ) 20A. Submicron SIMS" applied physics which used "converged ion beam and the 
multi-channel parallel detection system about the detector The 56th volume No. 6 (1987) is indicated to 
P746-P751. Two or more channels 21 are established in this detector 20A. Two or more of these channels 
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21 are connected to the anode (positive electrode) 23 different, respectively. Two or more of these 
channels 21 are connected to the common cathode (negative electrode). This common cathode comprises 
the sample 1. The voltage impressed between said anode 23 and the sample 1 which is cathodes is 
impressed by the bias 26. Although the bias 26 is accepting one piece and is illustrated by the drawing 1 , it 
comprises several bias 26 different, respectively substantially. Therefore, the detector 20 shown in the 
drawing 1 can detect simultaneously two or more two-grain following children like the case where two or 
more detectors 20 are formed, substantially. . That is, detect an electron within a certain channel 21, and 
detect negative secondary ion within other channels 21. Or since directions for use which detect the 
positive secondary ion which is in a certain channel 21, and detect secondary ion positive [ other] within 
other channels 21 are realizable, ultimate analysis can be conducted. Next, the detecting method of the 
secondary particles by said secondary particle detector 20 is explained. 

[0035]First, the secondary particles 3A and 3B emitted by the sputter etching by the ion beam 1 1 let the 
mesh screen 25 pass, and enter in the channel 21. The drawing 1 shows only the locus of the secondary 
particles 3A which entered in the channel 21 among secondary particles. Thus, if the secondary particles 3A 
enter in the channel 21, the electron proportional to the quantity of the secondary particles 3A will come 
out from the wall surface of the channel 21. It increases in snowslide according to the gain 24, and the 
electron which came out of the wall surface of this channel 21 is sucked up by the anode 23 as the arrow 22 
shows. The electron sucked up by this anode 23 is detected as an electrical signal. Detection of the 
secondary particles 3A is performed by these stages of a series of. The secondary particles 3B and other 
secondary particles 3 which are not illustrated which are shown in the drawing 1 are detected similarly. It is 
sorted out whether the secondary particles 3 detected are used as a secondary electron or negative 
secondary ion by the positive/negative of said bias 24, or it is considered as positive secondary ion. Thus, 
the electrical signal by a secondary electron is used for mainly creating a specimen surface and the SIM 
image for section observation among the detected secondary particles 3. It is used for the electrical signal 
by secondary ion creating the plot of a time change (relation with a dose) of the intensity during processing 
of the sample for section observation among the secondary particles 3. From this plot, the terminal point 
judging of whether the substrate (specific film) of the ground appeared can be performed in the case of 
correction of the mask pattern for producing a semiconductor integrated circuit device. 
[0036]Since the magnetic field 31 is added to the discharge course of said secondary particle 3 as 
mentioned above, the course of the secondary particles 3 is deflected. Thus, since a discharge course is 
deflected by the magnetic field 31, as shown in the drawing 1 , the secondary particles 3A and 3B enter in 
the channel 21 of the detector 20 in a course different, respectively. For example, rather than the 
secondary particles 3B, when weight is light, the secondary particles 3A are larger and the secondary 
particles 3A are deflected, as shown in the drawing 1 . Therefore, since the light secondary ion 3A enters in 
the channel 21 far from the irradiation area of the ion beam 1 1 and the heavy secondary ion 3B enters in the 
near channel 21, the secondary ion 3A and 3B can be divided and detected for every kind. Thereby, ultimate 
analysis of the secondary particles 3 can be conducted. 

[0037]For example, electronic weight is 3.1x10E-31 (kg), and, about 1800 times of electronic weight, and in 
the case of oxygen ion, the weight of ion is about 1 6 times the hydrogen ion also in the lightest hydrogen ion 
case. Therefore, although an electronic discharge course is greatly deflected by said magnetic field 31, since 
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the small deer deviation of the ion is not carried out, a secondary electron and secondary ion are 
independently detectable. 

[0038]As mentioned above, as explained, in this example 1, the magnetic field 31 is adding as a means to 
provide two or more of said secondary particle detector 20 substantially, and to deflect the releasing path of 
said secondary particle. According to this composition, two or more kinds of secondary particles 3A and 3B 
different, respectively are simultaneously detectable by having formed the secondary particle detector 20 
two or more pieces substantially. For example, an electron and ion are independently detectable. Thereby, 
ultimate analysis can be conducted. A discharge course is deflected more greatly than the secondary 
particles 3B with heavy weight by the secondary particles 3A with light weight by deflecting the discharge 
course of the secondary particles 3 by the magnetic field 31 . Thereby, since the selectivity of an element 
can be improved, still more exact ultimate analysis can be conducted. By these, ultimate analysis can be 
conducted in FIB. In FIB, since ultimate analysis can be conducted, structural analysis can be conducted. 
[0039]Since ultimate analysis can be conducted in FIB and it becomes unnecessary to conduct ultimate 
analysis using SIMS, the time which failure analysis takes can be shortened. 

[0040]The ion beam 1 1 can perform sputter etching, obtaining the SIM elephant (secondary electron image) 
by a secondary electron by [ said ] having formed the two or more secondary particle detectors 20 
substantially. That is, since it is processible, checking a processing condition, process tolerance can be 
improved. Without using SEM, since the section structure of a processing area is observable, the section 
observation using SEM is lost and the time which processing takes can be shortened. 

[0041]In this example 1, since the bias 26 by the voltage generator 27 is added between said sample 1 and 
the secondary particle detector 20 and the magnetic field 30 is added to the sample 1, discharge of the 
secondary particles 3 out of said crevice 2 can be made easy. In this case, to the kinetic energy of said ion 
beam 1 1 being 25KeV, since the kinetic energy of said secondary particle 3 is about 10 eV a number thru/or 
more than 100, the ion beam 1 1 is hardly influenced by the magnetic field 30, but the secondary particles 3 
are influenced greatly. It is emitted carrying out screw motion from the inside of the crevice 2 to the 
secondary particle detector 20 side. When not adding said magnetic field 30, when the aspect ratio (aspect 
ratio) of said crevice 2 is large, the secondary particles 3 emitted to the side attachment wall of the crevice 
2 collide, and the secondary particles 3 are not emitted to the exterior of the crevice 2, for example. On the 
other hand, also when said magnetic field 30 is added, the size of said crevice 2 is a 5-micrometer angle 
grade and the depth is about 10 micrometers, carrying out [ not colliding with the side attachment wall of 
the crevice 2 ] spiral operation, the secondary particles 3 are emitted out of the crevice 2, and reach even 
to the secondary particle detector 20. Therefore, in FIB, ultimate analysis of the secondary particles 3 of 
the pars basilaris ossis occipitalis of the crevice 2 where the aspect ratio of the surface of the sample 1 is 
large can be conducted. 

[0042] As shown in drawing 3 (block diagram showing the modification of FIB of Example 1), two or more said 
secondary particle detectors 20 may be formed. In this case, as shown in said drawing 1 , the anode 23 is not 
divided into plurality, but what is necessary is just to connect the anode 23 of the secondary particle 
detectors 20A, 20B, 20C, and 20D to the voltage generators 27A, 27B, 27C, and 27D different, respectively. 
Each voltage generator 27A, 27B, 27C, and 27D impresses the sample 1 and secondary particle detector 
voltage for the bias of VI, V2, V3, and V4 between 20A, 20B, 20C, and 20D. According to this composition, 
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rather than the case where it is shown in said drawing 1 and drawing 2 , since more secondary particles 3 are 
detectable, detection sensitivity can be enlarged. 

[0043]In the case of FIB shown in the drawing 3 , heavy secondary ion is detectable from light secondary ion 
one by one by each of the secondary particle detectors 20A, 20B, 20C, and 20D by enlarging intensity of 
steps and the magnetic field 31 from the sample 1 side. In any [ of a positive ion and an anion ] case, this is 
applicable. 

[0044] [Example 2] The composition of FIB of Example 2 of this invention is explained using drawing 4 and 
drawing 5 (block diagram). 

[0045]It is made for FIB of this example 2 to spray the gas 42 on the irradiation area of the ion beam 11 by 
the ultralow volume nozzle 40 in FIB of said Example 1, as shown in drawing 4 and drawing 5 . 
[0046]The gas 42 is supplied to said ultralow volume nozzle 40 via each of a needle valve and the control 
valve 41 from RIZAIBA installed in the sample chamber exterior. The flow of the gas 42 is controlled by a 
needle valve, and introduction and interception of the gas 42 are performed by the control valve 41. This 
control valve 41 is controlled electrically. 

[0047]In this example 2, oxygen gas is supplied as the gas 42 from the ultralow volume nozzle 40. Thus, an 
irradiation area becomes oxygen environment by supplying oxygen gas to exposure **** of the ion beam 11. 
In oxygen environment, since oxygen collides with the secondary particles 3A and 3B emitted by the plasma 
state, it reacts and the ionization efficiency of the secondary particles 3A and 3B improves. When gallium 
ion guns or caesium ion guns are used, Since the ionization efficiency of an element with low 
electronegativity of elements other than an element with high electronegativity of carbon, oxygen, nitrogen, 
fluoride, etc., for example, an alkaline metal, a group II element, group III elements, etc. is low, these 
elements are undetectable, on the other hand, the case where detection sensitivity uses very high oxygen 
ion guns since the ionization efficiency of elements of an except, such as carbon, oxygen, nitrogen, and 
fluoride, was improved by making the irradiation area of the ion beam 1 1 into oxygen environment and until 
[ comparable ] detection sensitivity — for example, it can improve, for example, the thing for which the 
irradiation area of an ion beam is made into oxygen environment — detection sensitivity, such as an alkaline 
metal, a group II element, and group III elements, — 10 — 4 (ing) thru/or 10 6 grade improvement can be 
carried out. 

[0048][Example 3] The composition of FIB of this invention example 3 is explained using drawing 6 (block 
diagram). 

[0049]As shown in drawing 6 , FIB of this example 3 forms the detector 28 which detects light or energy to 
the secondary particle detector 20 in FIB of said Example 1 . 

[0050]After the sample 1 which is a semiconductor device absorbs energies, such as light, an ionic line, and 
an electron beam, it is generated by the carrier, and it changes to the original ground state and recombines 
with it. In the case of this recombination, as shown in the drawing 6 , discharge of energy may take place in 
the form of the light 4. Since this light 4 emitted has the wavelength distribution corresponding to an 
element, it can identify the substance in the sample 1 by conducting wavelength analysis with the detector 
28. An easy spectroscope may be formed between the detector 28 and the sample 1. 
[0051]Or since it will be generated by the carrier if the sample 1 is irradiated with the light of wavelength 
shorter than the wavelength expressed with lambda(nm) =hc/E=1 239. 9/E, the electrical resistance of the 
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sample 1 changes low. Here, it is the energy (eV unit) with which h is equivalent to the constant of a plank, 
c is equivalent to the speed of light, and E is equivalent to forbidden-band width. Thus, the energy state of 
the sample 1 is detectable using a photoconduction phenomenon. 

[0052]Heat energy may be released when taking the form of an atomic (lattice) vibration which constitutes 
the crystal other than discharge of light. Also in this case, like the case where light is detected, by detecting 
a heat wave with the detector 28, a crystal defect can be detected or an impurity element can be detected. 
[0053][Example 4] The composition of FIB of Example 4 of this invention is explained using drawing 7 (block 
diagram). 

[0054]As shown in drawing 7 , the W light source 52 is used for primary particles in FIB of this example 4. 
[0055]In this case, a course is bent on the blanking aperture 51 with the blanking plate 50, and the ion beam 
1 1 from said ion source 10 does not reach to the sample 1. Voltage is impressed to the blanking plate 50. 
[0056]On the other hand, the light 53 of the suitable wavelength irradiated from the W light source 52 is 
irradiated by the sample 1. Thus, since the light 4 occurs by irradiating the sample 1 with the light 53, the 
detector 28 detects this generated light 4 like said Example 3. 

[0057]It can use like SEM by converging, deflecting the electron beam from the W light source 52, and 
combining with astigmatizer. 

[0058]As said Example 1 thru/or this example 4 showed, the intensity distribution figure shown in drawing 8 
(intensity distribution figure) can be obtained by using the electrical signal acquired by detecting a 
secondary electron, secondary ion, and light. 

[0059] Drawing 8 shows each intensity distribution of the oxygen 60, the aluminum 61, and the molybdenum 
62. Here, the structural analysis to the portions of the aluminum 61 and the oxygen 60 can be conducted, for 
example by copying out only the information on the element of the energy below energy E 0 of the drawing 8 
on CRT. 

[0060]As mentioned above, although this invention was concretely explained based on the example, it 
cannot be overemphasized that it can change variously in the range which this invention is not limited to 
said example and does not deviate from the gist. 

[0061 ]For example, although said Example 1 thru/or Example 4 showed the example which mainly uses the 
SIM elephant of the irradiation area of the ion beam 11, this invention can observe an irradiation area using 
laser or an optical microscope. 

[0062]Still more exact ultimate analysis and structural analysis can be conducted by applying the function 

of SIMS and SEM to FIB. 

[0063] 

[Effect of the Invention]It will be as follows if the effect acquired by the typical thing among the inventions 
indicated in this application is explained briefly. 

[0064]Ultimate analysis and structural analysis can be conducted in FIB. 
[0065]Process tolerance can be improved in said FIB. 

[0066]In said FIB, the ultimate analysis and the structural analysis in the crevice where the aspect ratio of 
a specimen surface is large can be conducted. 
[Brief Description of the Drawings] 

[Drawing 1] The block diagram showing the composition of the secondary particle detector of Example 1. 
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[Drawing 2] The block diagram showing the composition of FIB of Example 1. 
[Drawing 3] The block diagram showing the modification of FIB of Example 1 . 
[Drawing 4] The block diagram showing the composition of FIB of Example 2. 

[Drawing 5] The block diagram showing the composition of the ultralow volume nozzle part of Example 2. 
[Drawing 6]T he block diagram showing the composition of FIB of Example 3. 
[Drawing 7] The block diagram showing the composition of FIB of Example 4. 
[Drawing 8] lntensity distribution figure. 
[Description of Notations] 

1 [ — Ion beam, ] — A sample, 2 — A crevice, 3A, 3 B — secondary particles, 10 — Ion guns, 1 1 12A, 12B 
[ — A detector 21 / — A channel 23 / — An anode 24 / — A gain 25 / — A mesh screen 26 / — Bias, 27 
/ — A voltage generator 30, 31 / — Magnetic field. ] — A butler type lens, 13 — An aperture, 14A, 14B — 
A deflection electric field, a 20 — secondary particle detector, 20A 



[Translation done.] 
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ytfznrzmm^iSL&znz 2 2 #*H^m 
2 ] wis 2 x» : piwa8-e««H*n& 2 

Z. £ «»«t-r attend lfcEtOiDW 
*>k-AgSo 

m** 3 ] Mta-f * > tr- a s n*> en t *m 

[0 0 0 1] 
[0 0 0 2] 

fcfl^ JRiMlPXTttStt, 0. 5 tfmfiTFtCfroT^T 

5ft&\Z. jfe*-f^->lf— A (F I B focused J_on 
Beam) SB (HT, F I B£V>5) *<#U83nTV> 
£ e FIBM^ittiD, O.SMmJ^T^ffl 
*«©»fBftIX*ffft'5 21t3»^**. F I BgHfcH 
VT\Z. Mitif, (1) K. Nikawa et ah; New appli 
cations of focused ion beam technique to failure a 
nalysis and process monitoring of VLS I ; 27th 
annual proceedings of International Reliability 
Physics Symposium , P 4 3 (1 9 8 9), (2) 7t 

m mm. ffin 5 3 (19 8 4) 19 

3, iCEKSttT^*. 

[0 0 0 3] MES:ttCB«3nT^SJ;5fc, F I B 
>tf-AS:M»-r-5^ KIWEBtfX/ty^X 

5 0 onmfiflrefcs. c<&J:5ic. is»^®£x/^y^ 

ttiSn*. 1EFIBHI1 d©ftffl$nfc2*fi^ 

«. ji©2*« : fttffl«sffl^T* sai^n-5 2*eT 

^^^2^T«hfi^2^^>^fc«jEro2*-r^> 



(2) #I¥6-9 6 7 1 2 

2 

[0 0 0 4] EOFIBlCtt, ^^^>S» 

ft (SIM: Scanning Jon Microscope : fiTF. S 

F I B<D-f *>tf-A*M»"rscticJ:Dftffl$ns 

2*ft^Ki*ll»*ffjjJ"r«feO-C*-6. S9EF I B 
Ttt* WE<^>^>, ttfBS0£*C. FIBBtS 
IMraOMTffifflU 2*^ 2 

[0005] KTfc, f i Bzm^rzyf&mm<Djj&& 
raw*. 

[0 0 0 6] F I Bfcfll^ttSS IM«fBtC<k 

0, fcf-A£«B<RoT, lttttH«>jm*fllW«. 
£<D«, «S£*<L& Of-Afcfc*:<fc£) <^>b' 

-tf>^> K»CD2*7C«iS (x^IrK y*|pj) 

P-XS&2jfcttTO!|ftft^97ftU Xy9->!f*> 
&A«££frfr5e cosfc 2*OT4>Sfift£J:9* 

[0007] ft*, S^flKS^^K^S^TcSKSoa^ 

50 khu *a-r*j:3fc:, 2^*>aa^«ftf (s im 

S : Secondary J_ on M ass S_pectrometer : £TF\ 
SIMS£V>5) ^ffiV^tl^o SIMSC^TH 
^Atf, (1) V^Dbf-AZ^Uv-Xgll 4 lSJt 
1 9 8 5^ff rv>f ^ntf-A7^-U yXj P2 
89-P318, (2) rs^WfJj 1 9 8 3$ WM 

p 1 2 ofcE«$nrvi*. 

[0 0 0 8] *£JJf3®KB£J^Ufctm (®rffi«g? 
K») <*->tf-A£«S<iRD> SIMITCSr 

[0009] KffiomfflWis^stK^iMi^a^jcfi, 

^SE^m^SaM (S EM : ^.canning ^electron 
Microscope :«T, SEUt^o) \Z^0mmmm^ 
SEM<Dftmffi*4nmmmfo<D-V. SIMctD«# 
tCai^M^i^t^, SIM, SEMSffl^T 
50 h7t%V>mfe\±-e£fc^o ii^T7C^^Sr^ff^ic«, 
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(3) 

3 

(1%£U:) ^£nT^*«^fcfcL EPMA (E_ 
lectron .Probe Mass Analysis : Xj8Y<^D7tU 

EPMA^WIt «A« (1) ^^Dfc-A 
7t l J^l4lfl& l 9 8 5¥^frr^^n 
H-A7t'J i^Xj P 2 0 7-P 2 3 5, (2) S. 
M. SZE TVLSI Technologyj P53 

[0 0 1 0] SEM^V^KpSHSfflOim^ J0 

[0 0 11] 

[»W)W*fcbJ:5M^61im b#btt*i&, *S89i a? 

[0012] *mmkm\s\&mm<om 

ttfflsn*2*«rF*K:»i, mas 

<D7G*#*So L*U fif|fSfi£3fe£>F I BTIt 2^S 

fc*«TS*. L*U 2 3fctt^*fclIBW«ia)7C*39«» 

ff3^5ili:3^T€rft:<ft*. £4>IMk F I BtCfc-SX 
[0 0 13] *fc, etflHF I BTft MUSttXKttlC 40 

iHT*D* x^^fc^sirax^s I Mfcjcsffitt 

BR£9J*<DXgTfTfe5&Htfl*S. £fcfc£, FIB 
K£«lDXSC. SEM£/BV>T»ffi«*£fTfcoT<r> 

[0 0 14] *«fc^»««rfc5fc»K:tt. 

[0 0 15] Sfc* *^»jS<0 3*5cfcKfPV>. E8«< 



#W¥6-9 6 7 1 2 

[0 0 16] **9aoB»». m^-r^>tf-Aggtr 

[0 0 17] *BH0>tt®sfttt. *«>f 

[0018] ^xnottoBMtt* «*>r *>if-A« 
[0019] *%m<Dffimtip>zf\z*<Dtb<DBm£mm 

[0 0 2 0] 

[»is^»ft-r^it8e><o#a] *gi^^T^$n^ 

[0 0 2 1] (1) -f A «MC «|RjSli:TK 

?jLyT>>fi£ nitmmfr 2 2 * 

*E2^tt^-©fl[ajftB«fiifii$-a--5^a 

[0 0 2 2] ( 2 ) huIB 2 &tt?*ttfl«T«fflSn& 2 

actt^as*. 2*«^©flHifcati*H«ftffdrr* 

[0 0 2 3] (3) ttE-f *>£-AtfJMf3tL*M& 
[0 0 24] 

uabfc*a (i) una. 2*ikp«h« 

&*RWir2flK±K»fc2:tfr«kO, 2SS«±co2 

2*S^J:0^:#<ftffiSK^{i[Si$1i:^nSo erne 
*»«f*ffft3^fc3*«T*«. zn^z&t), fttt-f* 
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5 

[0 0 2 5] F I Bfc^T. TcmfttfZfffco 

:t^Tf50t, S IMS£m>Tro*5Mr£frft3 

[oo2 6] mmvtt® (2) iccfcn«, unrnw* 
^^t'-ATjOXT inixffi«a>2*e^@ 

[0027] ttMLfc^R o) tc<tntf, 

«Jt (TX^hJt) &±£\,W«M**>* 2*sm* 
©^T?fflT<5©^ 2^3K^«UJS* w C2*a^ 
AMMW, ffiSJt (7X^^ hit) ***£V>|H« 
£fTft5£ta*T£5. 

[0 0 2 8] 

MUM] «T. *HHftffl^T»#ft 
fcRWT*. ft*3, SBB«fcRH«fcft©£Hfc:*i* 

[0 0 2 9] GIUMl) *5699<z>*lfi«l<Z)»«-f* 
>fcf-A&g (KTFIBtW) 02 (7 

P^H) SfflV>TRWT5. ft*5* (^02rH *5 

[0 0 3 0] H2l:^t«k5J:» *II1W1©F I B© 
a^Artfctt, -i*>Wl 0, ;th7-Sl/>Xi 2 

A, 1 2B> 1 3, flfiWfl 4 A. 14B 

©***«RW-&nTV>S. 
[0 0 3 1] iM3-f*>Rl 0*»Stt* *U^t> 
bf-A (KT, #t-f*>lf-AfcV^) 1 lfliSMtS 

Atf, 2 5KeV@^Tab^o ZKD-f fc?~ A 1 1 
tt, MrE2aOAh^— Il/>Xl 2 A, 12B&^5 

is^^yn-ft 1 3fc<kD«msn*. ^comms 

nfc-f^>lf-Al ltt, ffl£igfR«*§14A, 14B 

fcio, <ift£n<5o c:c!)fii6i$n^^>fcf— ai 1 



(4) ^6-9 6 7 1 2 

[0032] iitiBiiAttvi 4 B&tmi vomica. 

M2 0 <hf**4 1 fc©fflfctt. «E58£8 2 7 fc<fc*m 

amis. m\ (:/□?»■) *mtoT9B&r*. 

[0 0 3 3] *fc, !9e-f*>tf-Al umurens 
fflt»lPlT*ttfH<OBffifc^ i9ffi^:t>b:-Al 1 

us. mku ue«»3 otats-rs^jcK, «#3 

l^M^ntV^. Z©«#3 1Eu I9t2«#3 0<fc 
[0 0 3 4] WE2^fi^ttffllg2 OCDMfc 

BiSHHTRWr*. ii^tcfc^i:, 2*ft^ft 

rU3§2 0Eu (Micro Channel P_late) 2 0 

Afti#l:»«ahT^5. ftfc> ftfflBlc^Ttt 

fctf:/5*n>S IMSJ JSJ8«f3I Sf§5 6^ Jg6*t 
a? (1 9 8 7) P 7 46-P7 5 1i:St$ntMc 
Z©*ffl«2 0 Aftfctt, «Oft**2 UWBHtS 

nrv^o :n^o«sof t^2 nt 5fe*gft5 

(IE«ffi> 2 3fc««£nTV*S. *fc, utl 

^ntv^. Mery-F2 3t*v-FT»*!t» 

1 t<0(W«CBllin$n*«flEli, AM 7X26 lC<fc 0 
$ntV>5. ft*, /W7X2 6I1 HHlTfttlB© 

50 X2 6t«^nw. fox, HaiK^-rams 

2 lrtT£*IE<B2&1'^>£&mU ttO? 1 **^ 

i w -effi<z>iEa> 2 #c-r * > «fc 3 ftffi^^s & 

jc, mm 2 2 o tcct « 2 ^e^o^ffi^a 

40 [0 0 3 5] -f*>lf-Alll:W7/Vy^X 
!y^>^JCJ:oTftai$nfc2^S^3 A, 3BI1 ^ 
5/yaX^U->2 5^ItT, ft^2 1fif:A 
5. 2X»ffl)5Wt^2 1rtl:Ao 

fc2 5fe^3AO|U»©*^-r« ^^cfcpJC, 
;^2 lrtlC2^JS^3 AifiXZ T**)V2 1 ©MM 

<fco, 2 #©^3 A^ajcit^b^a^m^o 
mmzmm^n. 2-c^-?£?\z. 7/-H23 

tC»^±tf^n^ e Jl©7/— H2 3fcR^±*f6*Ifc 

5^ m^m^tbT^ai^n^o cneo-acoe 
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0 1 iCTKf 2 &fiT 3 B Lft Hfi© 2 XXSlT 3 

t»Hai:*ajsn<5. ssisa^7X2 4<z)ie^jc 

cfcO. ^m$n^2^&^3$:2*m^^^:^(D2^ 
-Y^>«h-r^>^iEc0 2*^^>^'r^^$:SSiJ-rSo d 
COct O \Z [sTfctiZtlTz. 2 3 <T>O^E> 2 <fc 

2*<*>KJ:*«««#tt»rlii«(l«K»©lPX 

^ie<o65, Tm<D&& mst<om> t>mt>nitfrmw 

[0 0 3 6] &tcs mmVfc^lZ. mm2^^3(0 

ttffiffi»fcrau m&3 i#ira*sftT^£©T, 2#s 

^3cog&te{lft£n5o ^^9f:> «^3ltd<i:D 

ttffi«K#«w*n*am HHifcw-r.k'Sic, 2& 

Sf 3A, 3BH **gft*gB-C«*fflS2 0©ft 

2x87-3 Ao^r«sj:o**<flnsti«. ae^ 

T, -ft>f-Al l<ajfc#t®«^£^V^**;l/2 1 
rt^HSVi2*-r^>3A^AD, IWt^2 1fi 
tC«S^2*>f^>3B^tA^<©T, 2*-ft>3A, 

3B£a»*fc#ttTftfflT?**. cn£J:D, 2*& 

7 3 <D7tm#m *frft 5 c: t 5 e 

[0 0 3 7] £fc> m^<Z)Sfite3. 1X10 

E-3 1 (kg)T*D, -f^XDfiMfi— #SVi**^f 

[0 0 3 8] «_t, K9IL£<i:5K:, *^ffi0U 1 Ttt, 

S3i^mti^ 8 JicDSjifcK^nti, 2*a^m 

±©*4rSft5 2*)&^ 3 A, 3BSHBl:MT# 
5. «Wttf, « J Pi-f*>*W*fc«WH-c**. -tile 
cfcD, 7c*»«fSffft^Jit^-efr5. Mic, «^3 i 

lc«k0 2 3 ©ftffig&£<S[pj2i** 21 <fc cfc 19 , 

s*©eif»2*ttT-3Att, aa*«^2*s^3Bj: 

ft? ^nbC<fcO, FIBK^T, 7C 

*#ft£frft5££:a*Ti*£o F I Blcis^T, 
7c*#«£fTft5££tfT#*(D-e, «i§S?tfr£fTft5 
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[0 0 3 9] 3Efc, F I BtC*ViT7cS^«T^ffft^21 
k39«T#*OT, S IMSefflfr>^*ftft&frft3£ 
S#ft<ft*cDT, ^fi*«f»cST*«rrasSI8TS 

[0 0 4 0] SK, I5EHRW^2®«±CD2*S^« 
fflg2 O^^ttfcCt^^O, 2^^CJ;5SIM* 
(2#m^iS«) £#ft#S, -Y*>tf-Al lKJ:*? 

Xtt«£«BLft#SftXT#*C!>T?, iDXfif&£f*]± 
<U jtaXKKTS»IB£fi«T?*S. 

[0041] 44nmiTfit mftuni£2$: 
X2 6*«jnA^n«>t*ic, k»ik«#3 ojWdas 
^S^T^^o £0>*£icl&, S&E-Y*>bf-Ai i<z> 

lftX^W2 5KeV&0l:MLT, WE2#cft7 
3©31»x*;^tt»7SSW»-heVfiKft©-C, -f* 
^ >lf-Al ltt«j|t3 0flE)»*&H^£2Wft^, 
2#&73«*#<j&g£gtt£ 0 C3«2ft»&2^tt 

#3 0£ini*ftV^^ B98BQ3SB 2 CDISESiM: 

ffl*n&2Xtt73jwj&LT* DngS2o^es*T2^ 
tf3W$toK c:nKS*bT, tt£BJi3oe 

$*tlOiimi«©i§tt), 2*S^3«lHIgS2CO{ra 

■fc«ft-ttmiaBfpuft39«6» ia»2©j«Tttffls 

n. 2*ftTttfflg2 0*T?ait«. ffi^T, FIB 
fc*»T. K»l©affi©H«H:^#^IH»2©j£«B 
<Z> 2 3 <^7C^^«T$ff ft 

[0 0 4 2] 03 (*JS«10F I B<DSE»«& 

tfTJUyftD \Ztt-r&o\Z* ffifE2*aT«ffl«2 

bfci5fc7y-H2 3 ftOMII^Mftt-f « 2^fif 
^ffiS20A, 20B, 20C, 20DCOTy — H23 
^*^^ft5^JE%^§i2 7 A, 2 7B, 2 7 C, 2 7 
DCgStntfa^ *^Otff^g2 7A, 2 7 
40 B, 2 7C, 2 7DI1 VI, V2, V3, V4 0/H 
KH1 fc2*tt^fcifl««BE*2 OA, 2 0 

b, 2oc, 2 0Da>H»ct?airs. c(D«ustcfcn 

tt, HEHlfttfH2R:» a r»frJ:0«>. cfcO^<(7)2 

[0 0 4 3] HH3C5STF I B(D«-&£te* K 

Hlfl»6R4ilff3 l©aME**#<-r*2ltfcJ: 
X). 2#&^;&tBi§2 0 A, 20B, 20C, 20DCO 
S^2*-f^>^^SVi2^^>$JS^ai 

so mm-?£2>* 
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[0044] mmm2) *&w<Dmmm2<DF i b<d 
mf&&* 04R«Ei5 &uy?m) tm^rmwr 

So 

[0 0 4 5] m4RZfm5\Z^-?£?\Z. *mMW2<D 

f i Bte, mmmi&mi<DF i bk^t, 

£*t*o#s£5l::Lfcfc<z>T&So 
[0 0 4 6] Hfii2ffi^S/X;l/4 0^^ a»^geic 

R0KKttan*sw:/4 i ic^ofrftfcnso 

[0 0 4 7] #*tt«2-efck gSSa/X;^ 0^£# 
X4 2tbT05A«K^^X^«fe$nSo COi:^ 

*TI4* Kli#:^Xv#ffiT;ftffl2nS2*&T3 
A, 3B£«f3rr3<Z)T. SSLT2*Sf 3A, 3B 

fa±T#s<z)-c, t(kiH«flE3»»3M»fcKv«*-f 

©«ffl!S«£, 1 0«7irMl 0'ggfp]_kT#So 

[0048] cnss^3] *&wnmmzv>F i b<d« 

[0 0 4 9] 0 6 IC^-Tcfc^lc:, #^SSfl]3(DFIB 

tUBB2 8 ftRltfct>©T**. 
[0 0 5 0] *»*5r/X-f -f^ 

*<&ttffijWB£*c£#**. d(Dftai^ns^4tt, 

[0 0 5 1] Sffll lr, A(nn)=hc/E= 1 2 
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Id 

g, Ett»»WMIfc«3rsx*;MF (eVIfi) T£ 
So d<D«J;5fc:> %WTOftejB»T. W»l©l** 

[0 0 5 2] *0ittB©*Sfctt, £rS£«j£LT 

^SS^ (»^) HkaflMfefc««te. Tfc*r&, »x 

So 

[0 0 5 3] C*««4] *58WO*Hl«4a)F I BCD 
07 (^Dy^B) *«VJTK»t*. 

[0 0 5 4] H7£jicTJ:5lC, *«K«4©F I BT 
tt, l*STfcW3fciE5 2 £J8V>fcfeG>-C»<5. 

[0 0 5 5] «rtB>f *->jfil 0*&4><f 

*>fcf-Al Hi, ^ h 5 OfccJzDii 

»*y^>*>yy^-^5 l±KftWT6*U mi 
iTiil^V). ^7>+>^V-h5 0l:H SEE 

rftfPfln^nx^So 

[0056] w*as5 2«*&m3n«asa:tt 

lt*5 3SI»tS^ti:J:D, *4#«tt5© 

[0 0 5 7] *fc, W^2g5 2 0*60*? K-A*. ft 

[0 0 5 8] ft*. ttESIIKM17»Z4^l«4T3Rb 
fc «k O \Z. 2#C*?, 2 ft£&aiLT#6n 

08 GM&MlfH) k 

[0 0 5 9] H8"CH fi$60> 7^5-^6 1, 
t 'J > 6 2 0*>«r ©^S»t$:^to ££T, 

8©x*;^EoaT©x*;k^©7c*o*«o*&c 

So 

[0060] jgA±, raacmMCfe&^jiflttK: 

ttft<, -e<Z>SB$JfcKLft^«HIC*^Ta>«r^MpI 

IgT^S C ifiW^ *Tt>ft V^o 

[0 0 6 1] 03^tf. INSOK«ll7)S9GKfl4Tt2. 
-f^->ti-A 1 1 co^»m«coS I Mft&£fcjg»*4f| 

[0 0 6 2] ^fc, FIBiCSIMS, SEM<DS|g^ 

ft^^^:*n?^So 
[0 0 6 3] 
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[0 0 6 4] F I B£*5V>T, 7C*#«Xtf*B»!Wf£ 
[0 0 6 5] BufHF I BK43WC SniDBg£lR)±T£ 
[0 0 6 6] 83IBF I Bfc:fcV>T\ smig®<D«8tJ*a< 

[0®<z>fg»fcfJiW] 

[^ i ] m&m i © 2 *3s^«ms©«iric*^"r^n 

[02] |6JS«1<0F I BOi^^D^gf, 
[0 3] *«WlOF I BO*»«l**t^a*;? 
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[04] ^j6g«?B2 0F I B^ttdt^-T^Dy^H. 

[0 5] mmm 2 x^»»©ii**«r^ 

[0 6 ] ^j&gfl] 3 <D F I B tf)«j££^T:/D V 9 0« 
[07] SlJgfl)4<DF I B©«US**-r^Dy^H. 
[0 8] ^S»^0o 

1HB»* 2~B«. 3 A, 3B-2*ttf» 10 -*f 
1 1- — f*>lf— Z*, 12A, 12B-A*h 
7—MU>X* 14 A, 14BHB 

Atttl. 2 0-2*6^8, 2 0A-ttm», 2 1 
-3^*;k 2 2 4-y<X 2 5~* 

g, 3 0, 3 1- 
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